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FOREWORD 


This  report  wu»j  prepared.  by  Columbia  University  under  USAF 
Contract  ho.  A?  33*03-5)-226l6  covering  work  on  Visual  Factors 
in  Cathode  S^y  X'c'o-o  Data  Presentation.  The  contract  was  initiated 
tinder  a project  identified  by  Research  and  Development  Order  Noi 
694-4-5,  Presentation  of  Data  on  Radar  Scopes,  and  was  administered 
by  the  Psychology  Branch  of  the  Aero  Medical  Laboratory,  Directorate 
of  Research,  Wright  Air  Development  Center,  with  Dr.  Kenneth  T. 

Brown  acting  as  Project  Engineer. 
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ABSTRACT 


A method  is  described  for  specifying  cathode  ray  tube  (CRT)  traces 
in  terms  of  visual  measures  of  width  and  central  luminance.  Trace  width 
is  measured  with  an  image  doubler  which  produces  two  parallel  images  of 
the  CRT  trace;  width  is  defined  in  terms  of  the  distance  between  the 
centers  of  the  two  images  when  they  Just  appear  to  merge.  Central  lumi- 
nance  of  the  trace  is  measured  with  a magnifying  system  in  conjunction 
with  the  Macbeth  illuminometer.  The  magnifier  produces  a real  i&age  of 
the  trace  sufficiently  enlarged  to  fill  the  field  of  the  Macbeth.  Match- 
ing is  performed  in  the  usual  way,  and  the  appropriate  conversion  factor 
applied  to  the  Macbeth  reading.  Estimates  of  intra- observer  and  inter- 
observer  variability  are  given  for  width  and  luminance  measures.  The 
method  of  measuring  central  luminance  is  compared  experimentally  with 
an  alternative  method  involving  a direct  monocular  match. 
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INTRODUCTION 


Research  on  factors  affecting  the  visibility  of  eathod«  ray  tube 
(CRT)  displays  encounters  the  problem  of  specifying  the  visual  stimulus 
properties  of  such  displays.  This  problem  is  complicated  by  two  facts; 
the  areas  of  high  1-aminanee  (target  pips  or  th©  trace  itself)  are  small, 
and  the  boundaries  between  light  and  dark  areas  are  not  sharp.  For 
example,  one  of  the  simplest  types  of  display  consists  of  a bright, 
straight-line  trace  against  a dark  background  (as  in  the  A>-scan  typo 
of  radar  presentation).  The  width  of  the  trace  is  only  of  the  order 
of  on©  millimeter,  and  the  edges  of  the  trace  are  not  sharply  defined, 
shading  gradually  into  the  background.  Because  of  this,  different 
methods  of  measurement  yield  different  values  for  the  trace  width. 

In  addition,  the  value  obtained  for  trace  luminance  will  vary,  depending 
on  whether  the  method  used  actually  measures  luminance  at  the  canter  of 
the  trace  (central  luminance)  or  average  luminance  over  the  width  of  the 
trace. 


A complete  specification  of  such  a stimulus  would  give  the  dis- 
tribution of  luminance  across  the  width  of  the  traco.  To  obtain  this 
distribution  would  be  laborious,  and  would  require  an  instrument  cap- 
able of  measuring  the  luminance  of  an  area  0.1  22a.  or  less  in  diameter. 
(The  photoelectric  photometer  described  by  Hamburger  and  King  (1948) 
used  an  area  about  0.5  am.  in  diameter  but  could  presumably  be  adapted 
for  smaller  areas.)  The  present  note  describes  an  alternative  proce- 
dure, in  which  the  CRT  trace  is  specified  in  terms  of  a sea sure  of 
central  luminance  obtained  by  visual  match,  together  with  a measure  of 
trace  width. 


TRACS  WIDTH 

Sinca  the  CRT  trace  does  not  in  fact  have  any  definite  edges,  any 
measure  of  trace  width  must  rest  upon  a convention  of  soma  sort.  The 
convention  hare  adopted  is  as  follows.  Two  identical,  parallel  traces 
are  brought,  closer  and  closer  togsthar  until  they  just  appear  to  merge 
(that  is,  until  an  observer  can  no  longer  distinguish  them  as  two 
separate  traces).  The  distance  between  the  centers  of  the  two  traces 
when  merging  occrure  ie  defined  as  the  width  of  either  trace.  This  is 
similar  to  the  so-called  raster  method  of  measuring  spot  or  fcrac©  width 
which  is  used  in  connection  with  cathode  ray  tubes  designed  for  tele- 
vision and  other  applications. 

This  method  may  be  applied  to  the  single  trace  by  the  use  of  a 
trace  doubler,  an  optical  system  which  produces  two  parallel,  side-by- 
side  isages  of  the  trace,  whose  separation  is  known  and  can  be  varied,, 

To  measure  the  width  of  a given  trace , it  is  viewed  through  the  doubler 
and  the  separation  of  the  two  images  varied  until  they  just  serge.  The 
separation  of  the  two  images  is  then  the  width  of  the  trace  according  to 
the  above  definition. 

The  essential  parts  of  tho  image  doubler  are  indicated  in  Fig.  1. 

The  trace  whose  width  is  to  be  determined  appears  on  the  face  of  the  CRT. 
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Two  glass  plates,  approximately  2 ass8  thick,  aro  mounted  eo  that  thsy 
£&&k©  contact  along  on©  edge,  and  so  that  the  angle  <g£bot xsmn  them  Eay 
be  varied,  The  lino  of  contact  between  the  plates  intersects  the 
optical  axis,  is  perpendicular  to  it  * and  is  parallel  to  the  CRT  trace. 
Light  from  the  trace  Rasing  through  on©  of  the  plates  ©marges  unchanged 
in  direction  but  shifted  away  from  the  inner  edge*  due  to  refraction  as 
ths  light  enters  the  glass.  The  light  passing  through  the  other  plate 
ia  displaced  in  the  opposite  direction.  Thus  a bundle  of  light  rays 
coming  from  any  point  P on  the  trace  will  b©  split  by  the 'plates  into 
two  bundles,  which  behave  as  if  they  case  frora  two  poiat-a,  Pf,  and  P" . 
lying  in  the  cam  transverse  plans  as  the  actual  trace,  but  separated 
by  a distance  The  siss  of  d depends  on  ths  thickness  of  tho  plates , 
their  index  of  refraction,  and  th©  angle  ©C  be  two©  n them,  Ths  two 
- bundles  from  each  point  on  ths  trace  fall  on  opposite  sides  of  the 

objective,  which  ferns  two  real  linages  of  the  tracs-  These  isagos  are 
aiailar  to  those  that  would  be  obtained  if  two  parallel  tracoe  with 
» their  centers  separated  by  a distance  wore  being  viewed  directly  by 

the  objective  without  the  intervention  of  th©  plates.  Accordingly, 
when  th©  two  isaages,  viewed  througjh  the  oyepiecs,  just  serge,  the 
displacement  <5.  between  the  apparent  sources  of  ths  two  images  is  equal 
to  the  width  of  each  of  the  apparent  sources , am  therefor©  equal  to 
the  width  of  the  actual  trace 0 This  displacement  & can  bo  determined 
by  putting  a iinely  ruled  scale  in  place  of  the  CRT*.  Yiowod  fehrou^i 
th©  doubler,  two  scales  are  seen,  displaced  with  respect  to  each  others 
Ths  amount  of  this  apparent  displacement  is  the  trace  width  d9 

Ths  procedure  for  measuring  the. width  of  a given  trace  thus  in- 
volves two  steps;  1)  adjusting  th©  angle  ©£  until  th©  two  inarms  of 
tho  trace  seen  through  the  doubler  just  serge j 2)  determining  the 
value  of  d for  this  $g. 

When  it  is  desired  to  obtain  a trace  of  a given  width,  the  above 
procedure  may  be  reversed c The  angle  «s$  is  set  so  that  the  displacement 
between  the  two  images  of  ths  scale  is  equal  to  tho  desired  trace  width. 
Than  the  CRT  trace  is  viewed  through  the  doubler,  and  the  Focus  control 
of  the  CRT  display  adjusted  until  the  two  images  of  the  trass  just  serg©8 

Intra- observer  and  Inter-observer  variability  with  this  method  have 
bean  estimated  from  ngiasuresaents  vad©  on  a type  %QPhA  GST,  The  procedure 
for  obtaining  a trace  of  a gSvea  width  was  used  to  obtain  trace  widths  of 
0o?5,  loG.  and  la5  ®s«  at  a nusbar  of  different  values  of  central  trace 
luainanc®  (so©  below) . These  values  were  as  follows:  for  the  0o?5  sai# 

width,  eight  luminance  values  ranging  from  0e12 8 to  154  millilasabsrto; 

, for  ths  lo0  ism.  width,  nine  values  from  0,216  to  1?1  ailiilesfberts  j for 

the  1®5  be?»  width,  eleven  values  fros  0a087  to  184  millilamberis,  For 
each  trace  width,  five  or  sore  determinations  were. made  at  each  luminance 
value,  yielding  five  or  sore  values  of  the  Focus  control  setting.  From 
all  the  settings  for  a given  trace  width,  th  probable  error  of  ths 
determinations  made  by  a Bingl©  observer  at  that  width  was  determined* 
This  was  converted  into  trace  width  units,  and  expressed  a«  a percentage 
of  tho  trace  width  concerned.  This  percent  probable  error  is  ths  percent 
deviation  from  tho  mean  of  a series  of  observations  which  is  exceeded  by 
just  one-half  of  the  observations. 
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The  in tra-oo server  variability  of  one  observer,  wish  considerabls 
practice  in  making  trace  width  determinations,  is  given  as  the  estimated 
percent  probable  error  for  each  trace  width*  The  number  of  determinations 
on  which  each  figure  ie  based  is  given  in  parentheses;  0eV5  am*  4 percent 
(60  readings);  1*0  mm.,  3*5  percent  (65  readings);  1®5  am*,  2*5  percent 
(105  readings). 

The  results  of  smaller  series  of  observations  (of  the  order  of  15 
readings)  mads  by  two  other,  unpracticsd  observers  yield  higher  * probable 
errors,  up  to  twice  those  given  above.  It  is  belisved  that  these  differ- 
ences in  intra-observer  variability  are  principally  a function  of  practice 
in  making  the  determinations.  Intra-observer  variability  shows  no  con- 
sistent relation  to  trace  luminance,  except  that  there  is  some  tendency 
for  variability  to  be  greater  at  the  very  lowest  luminance  values  than  at 
higher  levels. 

Inter- observer  variability  has  been  estimated  by  comparing  the  data 
of  three  observers,  each  making  five  determinations  for  a trace  width  of 
0.75  mm.,  at  luminance  values  of  3«97»  73.1,  and  154  millilamberts.  Each 
set  of  five  determinations  was  averaged,  and  the  range  of  the  average 
values  for  the  three  observers  was  computed  for  each  luminance  value.  The 
average  range  of  the  values  obtained  by  three  different  observers  was 
18  percent  of  the  trace  width*  Although  calculation  of  the  average  devi- 
ation of  a sample  of  three  gives  a very  crude  estimate  of  the  population 
variability,  it  may  be  helpful  in  comparing  inter-observer  with  intra- 
observer variability.  As  estimated  from  the  averago  deviation  of  the 
values  of  the  three  observers  from  their  mean,  the  percent  probable 
error  of  the  determinations  of  a single  observer  is  7 percent* 

The  question  arises  as  to  what  extent  measurements  made  on  a CRT 
will  be  affected  by  variations  in  the  CRT  and  its  circuits  ever  a period 
of  time,  A comparison  of  two  sets  of  trace  width  determinations  taken 
six  weeks  apart  indicates  that  the  effect-  of  this  source  of  variability 
on  trace  width  is  net  great  enough  to  bo  detectable  with  the  method  here 
described* 


CENl'RAL  LUMINANCE 

A CRT  trace  of  the  order  of  one  millimeter  in  width  1?  not  wide 
enough  to  fill  the  field  of  the  Macbeth  illuminometer » Luminance  can 
nevertheless  be  measured  by  visual,  as  opposed  to  photoelectric  means- 
through  the  use  of  an  optical  system  which  provides  an  image  of  the 
trace  sufficiently  magnified  to  fill  the  Macbeth  field. 

The  optical  system  of  the  magnifier  is  diagrammed  in  figure  2. 

Two  lenses  mounted  in  contact,  with  a total  power  of  42  diopters,  can 
be  moved  inside  a tubular  housing  so  that  the  left-hand  lens  surface  is 
anywhere  between  2 and  3 cm.  from  the  open  end  of  the  tube.  This  end 
of  the  tubs,  protected  by  a felt  ring,  rests  against  the  facs  of  the 
CRT.  The  other  end  of  the  tube  holds  a collan  into  which  iho  cylindrical 
projection  of  the  Macbeth  head  fits  snugly.  The  lenses  form  a real  inijge 
of  tiwf  CRT  trace  just  to  the  left  of  the  opening  B in  the  -Dummer-Brodhun 
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FIG  2.  MAGNIFIER  AND  MACBETH  CUBE 


cube  of  the  Macbeth,  28.6  ca»  from  the  CRT  face.  The  image  is  magnified, 
approximately  ? diameters  and  is  therefore  larger  than  the  opening,  which 
is  about  3 sin.  in  diameter.  The  light  from  this  image  therefore  fills 
the  central  field  of  the  Macbeth  and  can  be  matched  to  the  standard  field.. 

The  luminance  of  the  magnified  trace  image  will  obviously  be  differ- 
ent from  that  of  the  tracs  itself,  and  it  is  therefor©  necessary  to 
calibrate  the  magnifier-Macbeth  combination.  In  order  for  thie  calibration, 
described  below,  to  be  meaningful,  it  is  essential  that  the  real  image  of 
the  trace  fall  always  at  the  ease  point,  just  to  the  left  of  the  opening  B, 
This  is  ensured  by  the  use  of  a cap  containing  a ground-glass  screen,  which 
can  be  fitted  over  the  magnifier  collar  in  place  of  the  Macbeth.  When  this 
cap  is  in  place,  the  ground-glass  surface  is  exactly  at  the  position  where 
the  image  is  to  be  formed.  By  adjusting  the  position  of  the  lenses  A,  the 
trace  image  can  be  brought  into  focus  at  this  point. 

The  procedure  for  making  a luminance  reading  with  the  magnifier- 
Macbeth  combination  Includes  the  following  steps:  1)  With  the  gound-glaee 

screen  in  place  and  the  open  end  of  the  magnifier  against  the  CRT  face, 
the  image  is  brought  into  focus  on  the  screen.  2)  With  the  Macbeth 
seated  firmly  in  the  collar  of  the  magnifier  and.  the  open  end  of  the 
magnifier  against  the  CRT  face,  the  position  of  the  magnifier  or  the 
trace  is  adjusted  transversely  until  the  trace  appears  in  the  fisld  of  the 
Macbeth,  3)  The  standard  fisld  ox  tho  Macbeth  is  juatched  to  the  brightest 
part  of  the  central  field,  and  the  Jfecbsth  reading  recorded.  The  brightest 
part  of  the  field  is  taken  in  order  to  get  the  best  possible  estimate  of 
the  luminance  at  the  center  of  the  trace. 

The  magnifier  was  calibrated  with  the  aid  of  a simulated  trace  made 
by  placing  an  opaque  mask,  out  of  which  was  cut  a slit  one  millimeter  wide, 
over  an  extended  light  source  whose  luminance  could  be  measured  directly 
with  the  Macbeth,  This  gave  a light  source  similar  in  shape  to  the  CRT 
trace,  and  of  known  luminance.  The  simulated  trace  was  viewed  through  the 
magnifier-Macbeth  combination  according  to  the  above  procedure  and  a Mac- 
beth reading  obtained.  This  figure,  divided  into  the  actual  luminance  of 
the  simulated  trace,  is  the  calibration  constant  of  the  magnifier.  Read- 
ings obtained  with  the  magnifier  oust  be  multiplied  by  this  constant  to 
obtain  the  central  luminance  value  of  the  trace  being  measured. 

An  estimate  of  the  accuracy  of  the  calibration  constant  obtained  by 
this  method  can  be  made  from  the  results  of  calibrations  conducted  on  six 
different  days.  Each  of  these  calibrations  was  based  on  four  or  more 
readings  with  the  magnifier.  The  average  value  of  the  calibration  constant 
is  1.51.  The  estimated  probable  error  of  this  value  is  2.5  percent. 

Intra-observer  variability  of  luminance  measurements  mad©  with  the 
magnifier-Macbeth  arrangement  may  be  estimated  from  data  obtained  by  one 
observer,  consisting  of  five  determinations  at  each  of  eight  or  more  lumi- 
nance levels  for  each  of  three  trace  widths,  (The  trace  widths  and  lumi- 
nance levels  are  those  referred  to  earlier  in  connection  with  the  esti- 
mation of  intra- observer  variability  of  trace  width  measurements.)  Tho 
average  deviation  of  each  set  of  five  readings  was  expressed  as  a percent 
of  the  average  rending.  The  average  percent  deviation  cf  all  readings  was 


WaDC  TE  52-2 58 


6 


than  computed,  and  from  it  the  percent  probable  error  of  a single  lumi- 
nance reading  is  estimated  at  3 percent.  The  percent  probabls  error  of 
the  average  of  fire  readings  made  at  a given  setting  would  thus  be  1,3 
percent. 

The  inter- observer  variability  was  estimated  from  the  data  of  three 
observers , each  making  five  or  more  luminance  readings  at  each  of  the 
following  combinations  of  trace  width  and  luminance  level:  1 no. , 3*82 

millilaaberts;  1 mm.,  86.8  millilaaberts;  1 am.,  171  inillilfunberts; 

0.75  mm«,  102  milliiambertsj  1.5  mm. , 57  miiiilamberts.  The  readings 
of  each  observer  were  averaged  for  each  of  the  five  conditions,  end  the 
range  of  the  average  values  for  the  three  observers  was  computed  for 
each  condition.  The  average  range  of  the  values  obtained  by  three 
different  observers  was  7*^  percent  of  their  mean  luminance  value.  Again, 
estimating  the  probable  error  from  the  average  deviation  of  three  observers, 
the  estimated  percent  probable  error  of  the  measurements  of  a single  ob- 
server is  2.5  percent.  , 

The  effect  of  variations  within  the  CRT  and  its  circuits  is  greater 
in  the  case  of  trace  luminance  than  of  trace  width.  In  order  to  mini- 
mise variations  due  to  fluctuations  in  line  voltage,  the  innut  to  the 
Dumont  30bH  oscilloscope  used  was  monitored  at  117*5  volts.  The  effect 
of  CRT  and  circuit  variations  was  assessed  by  making  repeated  luminance 
measurements  at  the  s aus  control  settings,  eight  times  over  a period  of 
three  weeks.  As  estimated  from  these  data,  the  percent  probable  error 
of  readings  made  on  any  one  occasion,  due  to  CRT  and  circuit  variations, 
is  2.3  percent. 

It  is  important  to  have  an  estimate  of  variations  of  this  Bort  on 
applications  where  trace  width  and  luminance  for  various  settings  of  the 
Intensity  and  Focus  controls  are  measured  once  and  the  resulting  cali- 
bration of  the  CRT  display  used  over  a period  of  time.  Variations  over 
extended  periods  way  be  greater  than  those  indicated  above.  It  is 
advisable  "to  check  the  initial  calibration  occasionally  by  repeating; 
the  luminance  measurement  at  a single  "reference”  set  of  control  settings, 
in  the  middle  of  tho  width  and  luminance  rai^e  used.  .Even  if  the  devi- 
ation from  the  initial  calibration  is  substantial,  it  way  not  be  necessary 
to  repeat  the  entire  calibration.  If  f he  Intensity  and  Focus  controls 
are  left  at  the  "reference"  settings  and  some  other  control  (e.g.,  Sweep 
^frequency  or,  if  the  trace  is  horizontal,  Horizontal  0-ain)  used  to  bring 
trace  luminance  back  to  its  value  In  the  initial  calibration,  the  effect 
will  be  to  reinstate  the  entire  calibration.  The  trace  width  calibration 
is  unaffected  by  this  operation  within  rather  wide  limits. 

The  present  method  of  measuring  central  luminance  of  a CRT  trace 
ha*  been  used  to  calibrate  the  5 CP4a  CRT  previously  mentioned.  The  range 
of  central  luminance  obtained  is  from  about  0.1  to  about  180  millilamberts. 
This  maximum  luminaaco  value  is  considerably  Iabb  than  the  value  of  1000 
aillilawberts. reported  for  PPI  displays  by  Williams  and  Bartlett  (19**8)o 
This  my  be  due  to  the  tact  that  their  measurements  were  made  on  a P? 
long-persistence  phosphor.  The  radiation  built  up  in  the  second.,  phos- 
phorescent layer  of  such  a phosphor  wy  be  considerably  greeter  than  that 
from  a relatively  short-persistence  phosphor  such  as  the  P4  used  in  the 
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5CP4A  GET,  The  possibility  that  the  difference  In  maximum  lunlnanoe  Is  due 
to  differences  In  CRT  or  circuit  construction  or  in  methods  of  measurement 
should  also  he  explored. 

The  lower  limit  of  approximately  0,1  aillilaaberts,  in  the  calibration 
referred  to  above,  is  set  primarily  by  the  coarseness  of  the  Intensity 
control  on  the  CRT,  which  does  not  permit  repeatable  settings  for  lower 
luninance  levels.  With  a control  arrangement  which  does  permit  such  set- 
tings, lowe*  luminance  val  tea  could  be  measured,  although  as  noted  in  the 
"Discussion5' , intra-cbscrver  variability  would  be  greater.  The  upper  and 
lower  limit 3 of  luminance  measurerwnt  possible  with  the  nagnif ier-Maobeth 
combination  ar®  those  cf  the  Macbeth  alone.  Multiplied  by  1,5*  the  cali- 
bration factor  of  the  E&gnlfier. 

COMPARISON  WITH  DIRECT  MONOCULAR  MaSCHTVO  METHOD 

The  measurement  of  trace  width  and  central  luminance  is  only  one  of 
several  possible  aothrde  of  specifying,  by  visual  means,  the  etioulua 
properties  of  a CRT  tr^ce.  An  alternative  approach  consists  in  matching 
the  CRT  trace  directly  with  a comparison  stimulus  of  similar  shape,  l.e., 
a narrow  strip  of  light  of  the  sort  previously  described  as  a simulated 
trace.  The  match  may  be  monocular  or  binocular.  It  is  of  considerable 
interest  to  know  the  relationship  between  measurements  obtained  by  these 
different  methods.  A comparison  of  the  central  luminance  and  direct  mono- 
cular matching  methods  is  described  below. 

Light  from  a simulated  trace  of  known  luminance,  similar  to  that 
previously  described,  was  reflected  into  the  eye  from  a front-silvered 
mirror  in  such  a manner  that  it  appeared  aid*  by  side  with  the  real  CRT 
trace,  which  was  viewed  directly.  The  reel  and  simulated  traces  were  at 
tha  same  optical  distance  from  the  eye,  and  were  approximately  matched 
for  color  by  the  use  of  an  appropriate  filter  between  the  simulated  trace 
and  the  mirror.  The  simulated  trace  was  one  millimeter  wide,  and  it  was 
matched  to  a CRT  trace  of  the  same  width,  as  measured  by  the  doubler 
method.  The  apparent  distance  between  the  parallel  traces  during  match- 
ing was  about  equal  to  the  trace  width.  The  natcii  was  made  by  varying 
the  density  of  a polaroid,  placed  betwsen  the  simulated  trace  and  the 
mirror,  until  the  two  traces  appeared  squally  bright.  Matches  were  made 
in  the  range  of  central  luminance  80  to  110  miililamberts.  The  results 
are  expressed  as  the  ratio  between  the  central  luminance  ae  measured  with 
the  magnifier  and  the  "average"  luminance  as  measured  by  direct  monocular 
match. 

Comparisons  made  on  four  different  occasions,  eaoh  involving  several 
luminance  determinations,  give  an  average  value  or  the  magnifier- monocular 
ratio  of  0*82.  The  estimated  probable  error  of  this  figure  is  7 percent. 

This  result  indicates  that  central  luminance  as  measured  with  the 
magnifier  is  lees  than  "average"  luminance  cm  measured  by  direct  monocular 
match.  If  the  luminoua  area  of  the  CRT  were  really  no  wider  than  the 
trace  width  as  determined  by  the  doubler,  the  central  luminance  should  be 
greater  than  the  average  luminance.  Actually,  some  light  reaches  the  eye 
from  a wider  area,  since  the  trace  shades  off  gradually  into  the  background. 
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Inestimably,  ths  contribution  which  this  light  sakti  to  the  total  visual 
efrsct  In  ths  direct  monocular  Batch  (but  not  in  Measurements  cads  with 
ths  magnifier)  explains  why  tha  magnifier-monocular  ratio  is  Isas  than 
on*. 

DISCUSSION 

Th*  chief  advantages  and  limitations  of  ths  present  method  of 
Measuring  trace*  luminance  are  those  of  any  visual  method  of  stimulus 
specification.  Since  the  color  temperature  of  the  CHT  trace  will  usually 
be  different  from  that  of  the  standard  field  of  the  Macbeth,  inter-observer 
differences  in  photoplc  or  eeotepic  luminosity  curves  may  cause  observers 
to  disagrss.  Overall  inter-observer  variability,  however,  will  presumably 
be  about  the  same  at  photoplc  and  scotopic  levels.  At  luminance  levels 
below  the  photoplc  range,  intra-observer  variability  increases.  In  most 
work  with  CRT  displays  very  low  luminance  levels  will  probably  not  be 
ueed,  eo  that  intra- observer  variability  may  net  be  a great  problem.  In 
such  work,  the  use  of  a visual  measure  avoids  the  problem,  encountered 
in  photoelectric  methods,  of  matching  the  sensitivity  curve  of  the  human 
eye. 

The  doubler  method  of  measuring  trace  width  depends  on  the  discrimi- 
nation of  the  difference  in  luminance  between  the  center  of  either  trace 
image  and  the  point  midway  between  the  two  centers.  If  the  discriminatory 
threshold  AI/I  were  constant  for  all  luminance  levels,  the  doubler  method 
would  be  equivalent  to  defining  trace  width  as  ths  distance  between  thee© 
points  on  either  side  of  the  trace  oenter  at  which  luminance  falls  off 
to  soma  specified,  fixed  fraction  cf  its  value  at  the  trace  center.  In 
reality,  threshold  AI/I  is  smaller  at  high  than  at  low  luminance  levels. 
Consequently,  the  ratio  between  the  trace  width  measured  with  the  doubler 
end  the  trace  width  that  would  be  obtained  by  measuring  between  points 
representing  a fixed  fraction  of  central  luminance,  will  be  smaller  at 
high  than  at  low  luminances.  The  importance  of  this  factor  might  be  / 
assayed  through  its  effect  on  the  magnifier-monocular  ratio  (above),  eince 
it  would  t*nd  to  make  th*  a ratio  decrease  as  luminance  Increases. 

; 

Some  modifications  that  would  increase  the  usefulness  of  the  magnifier 
method  smy  be  suggested.  The  area  of  the  trace  from  which  light  reaches 
the  central  field  of  the  Macbeth  could  be  reduced  considerably,  partly  by 
increasing  the  magnification  of  the  trace  image,  but  more  especially  by 
the  use  of  a Dummer-Brodhun  cubs  with  a smaller  central  aperture.  Th® 
central  field  of  the  Macbeth  could  probably  be  reduced  in  this  way  to 
one-half  its  usual  diameter  without  affecting  the  esse  of  making  a match. 
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